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ABSTRACT
We report the results from a detailed γ−ray investigation in the field of two “dark
accelerators”, HESS J1745-303 and HESS J1741-302, with 6.9 years of data obtained
by the Fermi Large Area Telescope. For HESS J1745-303, we found that its MeV-GeV
emission is mainly originated from the “Region A” of the TeV feature. Its γ−ray spec-
trum can be modeled with a single power-law with a photon index of Γ ∼ 2.5 from
few hundreds MeV to TeV. Moreover, an elongated feature, which extends from “Re-
gion A” toward northwest for ∼ 1.3◦, is discovered for the first time. The orientation
of this feature is similar to that of a large scale atomic/molecular gas distribution.
For HESS J1741-302, our analysis does not yield any MeV-GeV counterpart for this
unidentified TeV source. On the other hand, we have detected a new point source,
Fermi J1740.1-3013, serendipitously. Its spectrum is apparently curved which resem-
bles that of a γ−ray pulsar. This makes it possibly associated with PSR B1737-20 or
PSR J1739-3023.
Key words: gamma-rays: individual (HESS J1745-303, HESS J1741-302) — pulsars:
individual (PSR B1737-30,PSR J1739-3023)
1 INTRODUCTION
Very high energy (VHE; > 100 GeV) surveys of our Galaxy
with Imaging Atmospheric Cherenkov Telescopes have un-
covered a population of γ-ray sources in the TeV regime (e.g.
Aharonian et al. 2005, 2006). For Galactic VHE sources,
most of them belong to the classes of pulsar wind nebulae
(PWNe) or supernova remnants (SNRs). The nature of their
VHE emission is primarily identified by their counterparts
found at lower energies (e.g. radio, X-ray). Their TeV-to-X-
ray flux ratio, f1−10TeV/f2−10keV is typically < 2 (cf. Bamba
et al. 2007; Matsumoto et al. 2007).
On the other hand, there is a number of VHE sources
that no X-ray/radio counterpart has been found which
makes the identification of their nature very challenging.
In any case, the detection of VHE γ-rays clearly indicates
certain kind(s) of acceleration mechanism(s) is/are taking
⋆ E-mail: cyhui@cnu.ac.kr
place in these sources, though the details of the processes
are unknown. And therefore, these unidentified objects have
been coined with the name “dark accelerators”.
Most of them are extended and concentrated on the
Galactic plane which strongly suggests they belong to our
Galaxy.1 Also, they are clustered within ∼ 30◦ around the
Galactic centre. The difficulties of finding their counter-
parts in lower energies can be ascribed to the severe absorp-
tion/extinction toward the Galactic centre. On the other
hand, the absorption/extinction is less of an issue in MeV-
GeV regime. And therefore, the Large Area Telescope (LAT)
onboard Fermi Gamma-ray Space Telescope provides the
ideal instrument for constraining the nature of these un-
known TeV sources at lower energies.
One of the most interesting dark accelerators is HESS
J1745-303 (Aharonian et al. 2008; Bamba et al. 2009: Hui et
al. 2011). It was firstly discovered by the H.E.S.S. Galactic
1 http://tevcat.uchicago.edu
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Plane Survey (Aharonian et al. 2006) and was subsequently
investigated in details with dedicated follow-up observations
(Aharonian et al. 2008). The TeV γ-ray image shows that
it consists several spatial components (denoted as Regions
A, B and C in Aharonian et al. 2008). Owing to the lack
of spectral variability and the insignificant dip among these
regions in the existing data, it was argued that they are
originated from a single object (Aharonian et al. 2008).
Searches for the possible X-ray counterpart of HESS
J1745-303 have been conveyed with XMM-Newton and
Suzaku (Aharonian et al. 2008; Bamba et al. 2009). None
of these observations have resulted in any evidence for non-
thermal X-ray continuum emission. This imposes a limiting
TeV-to-X-ray flux ratio to be > 4 (Bamba et al. 2009) which
is larger than the typical value of PWNe and SNRs.
Despite the non-detection of any X-ray continuum, a
possible excess of neutral iron Kα line emission is discovered
which is originated from the brightest spatial component
(i.e. Region A) of HESS J1745-303 (Bamba et al. 2009). It
is suggested to be an X-ray reflection nebula, where X-rays
from previous Galactic centre activities were reflected by a
molecular cloud in that location (Bamba et al. 2009; see
Koyama et al. (1996a) for a detailed discussion on X-ray
reflection nebulae around the Galactic centre.).
Searching for the molecular/atomic gas toward HESS
J1745-303 has been carried out by Hayakawa et al. (2012).
They have confirmed that a molecular cloud has a positional
agreement with Region A of HESS J1745-303. And it is ap-
parently extended toward northwest. The total mass of in-
terstellar protons including both the molecular and atomic
gas to be ∼ 2× 106M⊙ which provides sufficient targets for
producing the observed γ-rays through hadronic processes,
such as proton-proton collision.
Using the first 29 months of data obtained by Fermi
LAT, we have detected and examined the GeV emission from
HESS J1745-303 (Hui et al. 2011). We found that a simple
power law is sufficient to describe the GeV spectrum with a
photon index of ∼ 2.6. Interestingly, the power-law spectrum
inferred in the GeV regime can be connected to that of Re-
gion A of HESS J1745-303 in 1−10 TeV without any spectral
break (cf. Fig. 3 in Hui et al. 2011). However, the spatial res-
olution of the results reported in our previous work did not
allow one to discriminate whether the GeV emission is from
which spatial component(s) of HESS J1745-303 (cf. Fig. 2
in Hui et al. 2011). If such spectrally connected GeV-TeV
emission can be confirmed to be originated from Region A,
together with the X-ray reflection and molecular cloud on-
site, this can shed light on the cosmic ray density and/or
the past activities of the Galactic centre (see discussion in
Hui et al. 2011, Dogiel et al. 2015). This provides us with
the motivation to revisit this target with the LAT data with
a much longer time span and improved calibrations.
Besides HESS J1745-303, we also investigate another
dark accelerator HESS J1741-302 in its neighborhood. The
VHE emission of HESS J1741-302 was detected by Tibolla
et al. (2008). The TeV centriods of these two sources are sep-
arated by ∼ 1◦. Similar to HESS J1745-303, the source ap-
parently comprises two separate spatial components (HESS
J1741-302A and HESS J1741-302B). However, its spectral
properties in TeV regime was poorly constrained (Tibolla
et al. 2008, 2009). Matsumoto et al. (2010) have claimed to
found an X-ray counterpart of one component HESS J1741-
302A (see Fig. 2 in Matsumoto et al. 2010) with Suzaku. Its
X-ray spectrum can be fitted by a power-law with a photon
index of Γ ∼ 1.1. And the TeV-to-X-ray flux ratio is found
to be ∼ 6. For the field of another spatial component, HESS
J1741-302B, no X-ray counterpart has been found by Suzaku
except for a serendipitously detected cataclysmic variable
candidate (Matsumoto et al. 2010).
Recently, Hare et al. (2015) have performed a high res-
olution X-ray search with Chandra observations. 19 X-ray
sources have been detected in the fields of HESS J1741-
302A and HESS J1741-302B. However, the authors con-
cluded that none of these sources are likely to be associated
with the VHE emission. The previous X-ray counterpart
of HESS J1741-302A claimed by Matsumoto et al. (2010)
based on the Suzaku data is resolved into a number of faint
point sources without any diffuse emission in the high reso-
lution Chandra image. On the other hand, Hare et al. (2015)
have suggested that a nearby energetic pulsar PSR B1737-
30, which locates at a distance of ∼ 400 pc and with a
characteristic age and spin-down power of τ ∼ 20 kyr and
E˙ ∼ 8 × 1034 erg/s respectively (Manchester et al. 2005),
can possibly contribute relativistic particles and give rise to
the observed VHE emission. Searching for the possible GeV
counterpart in the third Fermi point source catalog (3FGL;
Acero et al. 2015) does not yield any identification (Hare et
al. 2015).
In this investigation, we explore the MeV-GeV emission
in the field of both HESS J1745-303 and HESS J1741-302
by using a ∼ 7 years of Fermi LAT data with the latest
instrumental responses and background models.
2 OBSERVATION & DATA REDUCTION
In this analysis, we use the data obtained by LAT between
2008 August 4 and 2015 June 24. The data were reduced and
analyzed with the aid of Fermi Science Tools v10r0p5 pack-
age. In view of the complicated environment of the Galac-
tic central region, we adopted the events classified as Pass8
“Clean” class for the analysis so as to better suppress the
background. The corresponding instrument response func-
tions (IRFs) “P8R2 CLEAN V6” is used in the investiga-
tion.
Considering the spectral distortion induced by energy
dispersion can be>5% and rises rapidly below 300 MeV, and
we are investigating a crowded region around our Galac-
tic centre, we focused on the photons with energy >650
MeV. We found that including the photons with energies
<650 MeV makes the excesses in the regions of HESS J1745-
303 and HESS J1741-302 difficult to resolve. Also, the signal-
to-noise ratio of γ−ray features concerned in this investiga-
tion drop drastically at energies > 25 GeV. With the afore-
mentioned considerations, we focused on the analysis in the
energy range of 0.65-25 GeV. We further filtered the data
by accepting only the good time intervals where the region-
of-interest (ROI) was observed at a zenith angle less than
90◦ so as to reduce the contamination from the albedo of
Earth. In this work, we only consider a source is genuine if
it is detected at a signal-to-noise level > 10σ.
c© 2015 RAS, MNRAS 000, 1–11
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3 DATA ANALYSIS
3.1 Spatial Analysis
We started with a binned maximum likelihood analy-
sis for a 28◦×28◦ ROI centred at RA=17h41m52.514s,
Dec=−29◦51′05.08” (J2000), which is approximately the
midpoint between HESS J1745-303 and HESS J1741-302.
For subtracting the background contribution, we have in-
cluded the Galactic diffuse background (gll−iem−v06.fits),
the isotropic background (iso P8R2 CLEAN V6 v06.txt) as
well as all the point sources reported by the third Fermi
point source catalogue (3FGL; Acero et al. 2015) within 31◦
from the ROI centre in the source model. We thawed the
spectral parameters of the 3FGL sources within 5◦ from the
ROI centre in the analysis. For the other 3FGL sources, their
spectral parameters were fixed at the catalogue values.
Since HESS J1745-303 is cataloged in 3FGL (3FGL
J1745.1-3011), it has already included in the source model
through the aforementioned procedure. For HESS J1741-
302, we added it in the model by assuming a point source at
an nominal position of RA=17h41m00s, Dec=−30◦12′00”
(J2000)1 with a simple power-law spectrum. With this
source model, we performed a preliminary binned likelihood
analysis with the aid of the tool gtlike. Using this initial re-
sult, we examined the significance of γ−ray excess around
these two dark accelerators by computing the test-statistic
(TS) map with the tool gttsmap.
The TS map of the field around HESS J1745-303 is
shown in Figure 1. The γ−ray emission of this source can be
detected at a significance of ∼ 22σ in 0.65-25 GeV. In com-
parison with the Figure 2 in Hui et al. (2011), we can now re-
solve the feature much better. It is now clear that most of the
MeV-GeV emission of HESS J1745-303 is originated from
Region A. Also, an extended feature is detected at ∼ 16σ in
this energy range. It extends toward northwestern direction
for ∼ 1.3◦. A clump is found at the far end of this feature
which locates at RA=17h43m12s, Dec=−29◦21′00” (J2000).
For estimating its emission properties, we appended it in the
source model as a point source with a power-law spectrum in
the subsequent analysis. It is referred as Fermi J1743.2-2921
hereafter.
We have also investigated the hardness of the γ−ray
emission from HESS J1745-303 and Fermi J1743.2-2921 by
repeating the aforementioned analysis in soft band 0.65 −
4 GeV and hard band 4 − 25 GeV. HESS J1745-303 is de-
tected at ∼ 19σ (TS=355.7) and ∼ 6σ (TS=40.1) in soft and
hard bands respectively. On the other hand, Fermi J1743.2-
2921 is detected at ∼ 13σ (TS=178.0) in soft band. But its
significance drops below ∼ 3σ (TS=7.2) in the hard band.
Examining the TS map of the field around HESS J1741-
302 from the aforementioned analysis has revealed
two clumps of γ−ray excess. We refer the one lo-
cated at RA=17h40m06s, Dec=−30◦13′00” (J2000)
as Fermi J1740.1-3013. Another excess is found at
RA=17h38m36s, Dec=−29◦21′00” (J2000). We noted
that the detection significance of this excess is < 9σ over
∼ 6.9 yrs, it is below our pre-defined detection threshold.
Therefore, we will not further report its detailed properties
in this work. But it is kept in the source model throughout
the analysis as part of the background estimation. It will
be referred as BKG J1738.6-2921 throughout this work.
Based on the aforementioned initial results, we have
modified our source model accordingly. In addition to
Fermi J1743.2-2921, Fermi J1740.1-3013 and BKG J1738.6-
2921 were also appended to the model by assuming a power-
law spectrum. On the other hand, the point source compo-
nent of HESS J1741-302 was removed from the model in
view of the non-detection.
With these modifications, we have re-run the likeli-
hood analysis and produced the TS map of the field around
Fermi J1740.1-3013 which is displayed as Figure 2. It is
detected at a signal-to-noise level of ∼ 10σ. Its peak is
apparently offset from HESS J1741-302 by ∼ 0.4◦. Al-
though there is a feature extends eastward and towards
HESS J1741-302A, it is only significant at a level of ∼ 6σ.
Therefore, we concluded that Fermi J1740.1-3013 is a newly
detected source which is unlikely to be the counterpart of
HESS J1741-302.
We have also analysed Fermi J1740.1-3013 in soft and
hard bands. While it remains to be detected at ∼ 10σ
(TS=110.2) in the soft band which is similar to the signal-
to-noise level in the full band analysis, its significance drops
below 2σ (TS=2.2) in the hard band.
For further investigating the MeV-GeV morphology
of HESS J1745-303 and Fermi J1740.1-3013, we produced
the background-subtracted γ−ray count-maps of these two
sources with a pixel size of 0.1◦ × 0.1◦ and computed the
brightness profiles along the features. The binning factor of
the brightness profiles (0.2◦) is chosen with a consideration
to optimize the signal-to-noise while keeping a reasonable
number of data points for model fitting (see below). The
results are shown in the left panels of Figure 3 and Figure 4.
To examine the source extent, we have fitted each pro-
file with a Gaussian. For HESS J1745-303, it yields a FWHM
of 2.3◦ ± 0.3◦. We have also examined the brightness pro-
file in an orientation orthogonal to the feature. The best-fit
FWHM is 1.3◦ ± 0.3◦. All the quoted uncertainties of the
brightness profile fitting in this work are 1σ.
For comparing the observed brightness profile with that
of a point source, we have performed simulation with the
tool gtobssim. Taking the point-like power-law spectrum of
HESS J1745-303 Region A as the input, we have first gener-
ated the simulated dataset in 0.65-25 GeV for the same in-
tegration time and IRFs as the observed data. We then pro-
duce the count map and the brightness profile in the same
way as aforementioned. We found the FWHM of a point-
like source profile is 0.6◦. The simulated profile is overlaid
in Figure 3 for comparison. The observed brightness profile
of HESS J1745-303 in the examined orientation differs from
that of a point source by> 5σ. On the other hand, the differ-
ence between the observed profile in the orthogonal direction
and orthogonal direction is less than 3σ.
We have also examined if this apparently extended fea-
ture is a result of the events’ uncertainties in the recon-
structed incoming direction of photons. We did this by
re-running the aforementioned analysis but with only the
events belong to the “PSF3” partition selected. By sac-
rificing the photon statistics by a factor of ∼ 4, we pro-
duced the background-subtracted count map of the events
with the most accurate reconstructed incoming direction.2
2 The isotropic model iso P8R2 CLEAN V6 PSF3 v06.txt is
used for analyzing PSF3 data.
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Figure 1. Test-statistic map in 0.65-25 GeV of the field around HESS J1745-303. The nominal emission centres of various TeV components
are illustrated by the black crosses (see Fig. 1 of Aharonian et al. 2008). The arrows indicate the directions of north and east. We note
that there is a feature extends toward northwest. The location of the clump at the end of the feature, Fermi J1743.2-2921, is illustrated
by the yellow cross. The location of a nearby supernova remnant G359.1-0.5 with a diameter of ∼ 24
′
is illustrated by the dashed circle.
The brightness profile of HESS J1745-303 obtained from the
PSF3 data is displayed in the right panel of Figure 3. The
Gaussian fit yields a FWHM of 1.5◦±0.2◦. The profile in the
orthogonal orientation has a best-fit FWHM of 1.1◦ ± 0.2◦.
For comparison, the simulated point-like source profile in
PSF3 partition has a FWHM of 0.5◦. The difference between
the observed profile in PSF3 partition and that expected for
a point source is 5σ and 3σ along the feature and its orthog-
onal orientation respectively.
For Fermi J1740.1-3013, the Gaussian fit to the bright-
ness profiles of full data (left panel of Figure 4) and the PSF3
data (right panel of Figure 4) along the east-west orientation
yield a FWHM of 1.9+1.0−0.6
◦ and 1.2◦ ± 0.4◦ respectively. On
the other hand, the FWHM of the observed profile in the
c© 2015 RAS, MNRAS 000, 1–11
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Figure 2. Test-statistic map in 0.65-25 GeV of the field around Fermi J1740.1-3013. The nominal emission centres of the TeV components
A and B of HESS J1741-302 (cf. Hare et al. 2015) are illustrated by the white crosses. The arrows indicate the directions of north and east.
Three pulsars that apparently coincide with the MeV-GeV excess are illustrated by the black diamonds. The location of the point-like
background component BKG J1738.6-2921 revealed in this study is illustrated by the yellow cross (see text).
orthogonal direction is 1.7◦±0.4◦ (full data) and 1.6◦±0.4◦
(PSF3) respectively. The profile along the east-west orien-
tation is consistent with that in the north-south orientation
within the tolerance of the statistical uncertainties.
For comparison, we have simulated the expected pro-
file of a point source by assuming a power-law spectrum
of Fermi J1740.1-3013. The simulated profile has a FWHM
of 0.5◦ (full data) and 0.4◦ (PSF3). This only differs from
the observed profile by less than 3σ. Therefore, there is no
conclusive evidence for the source to be extended.
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Figure 3. (Left panel): The γ−ray brightness profile of HESS J1745-303 computed from the background-subtracted count map in 0.65-
25 GeV which is displayed as the inset. The box in the inset illustrates the orientation that the brightness profile is computed. The red
curve shows the best-fit Gaussian model. The blue dashed curve illustrates the expected profile of a point-like source. (Right panel):
Same as left panel but with only the events belong to the PSF3 partition selected.
3.2 Spectral Analysis
In the aforementioned binned likelihood analysis, we have
assumed a simple power-law (PL) spectrum for HESS J1745-
303, Fermi J1743.2-2921 and Fermi J1740.1-3013, which
yields the photon indices of Γ = 2.68± 0.07, Γ = 2.82± 0.11
and Γ = 2.60± 0.13 respectively. Besides the PL model, we
have also examined whether an exponential cutoff power law
model (PLE) or a broken power law (BKPL) can better de-
scribe their spectra. The detailed of their spectral properties
are summarized in Table 1.
For HESS J1745-303, the additional spectral parame-
ters in BKPL/PLE are not strongly required based on a
likelihood ratio test (< 2σ). Therefore, a simple PL model is
sufficient to describe its MeV-GeV spectrum. For construct-
ing its spectral energy distribution (SED), we required each
bin to attain a signal-to-noise ratio > 4σ for a robust result.
We started with dividing the full energy range into five log-
arithmically equal spaced energy bins. The binned spectrum
is constructed from the independent fitting of each spectral
bin. Since the significance of the last bin is below our pre-
defined requirement, the last two bins are combined in the
SED. The resultant SED is shown in Figure 5.
Hui et al. (2011) have suggested that the GeV spectrum
of HESS J1745-303 can be connected to the TeV spectrum of
region A (see Fig. 3 in Hui et al. 2011). However, ascribing to
the difficulty of resolving the GeV emission in this previous
study, this spectral connection cannot be confirmed unam-
biguously. As our spatial analysis shows that the observed
MeV-GeV emission is mostly originated from region A (see
Fig. 1), we can re-examine the spectral connection of the
spatial component. Fitting the binned spectra obtained by
Fermi and H.E.S.S. with a single PL model simultaneously
yields a photon index of 2.49 ± 0.02 with a goodness-of-fit
of χ2 = 9.38 (7 d.o.f.) which is statistically acceptable.
For the spectrum of Fermi J1743.2-2921, namely the
clump at the end of the extended feature associated with
HESS J1745-303, the simple PL fit results in a photon index
which is consistent with that of HESS J1745-303 within the
tolerance of 1σ uncertainties. Its SED is shown in Figure 6.
On the other hand, the likelihood ratio test indicates that
PLE and BKPL models are preferred over PL by >4σ. The
c© 2015 RAS, MNRAS 000, 1–11
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Figure 4. (Left panel): The γ−ray brightness profile of Fermi J1740.1-3013 computed from the background-subtracted count map in
0.65-25 GeV which is displayed as the inset. The box in the inset illustrates the orientation that the brightness profile is computed. The
red curve shows the best-fit Gaussian model. The blue dashed curve illustrates the expected profile of a point-like source. (Right panel):
Same as left panel but with only the events belong to the PSF3 partition selected.
PLE model yield a photon index of Γ = 1.48±0.40 and a cut-
off energy of Ec = 1.90 ± 0.67 GeV. For the BKPL model,
we found that the spectral break Eb cannot be properly
constrained if all parameters are taken as free parameters.
Therefore, we have fixed it at Eb = 2 GeV for the subsequent
analysis. This yields the photon indices Γ1 = 1.94±0.24 and
Γ2 = 3.66± 0.29 below and beyond Eb respectively.
For Fermi J1740.1-3013, both PLE and BKPL are pre-
ferred over simple PL by >4.5σ. With the break energy fixed
at Eb = 2 GeV, the BKPL fit yields the photon indices of
Γ1 = 1.51 ± 0.33 and Γ2 = 3.67 ± 0.42. For the PLE fit,
a photon index of Γ = −0.18 ± 0.50 and a cutoff energy of
Ec = 776±164 MeV is obtained. We notice that the inferred
Ec is very close to the lower bound of our adopted energy
range (i.e. 650 MeV). To test the robustness of the PLE
fit and check if Ec is stuck in local optima of the parameter
space, we repeated the analysis with the lower energy bound
shifted to 350 MeV. We found that all the parameters are
consistent with the previous analysis within the tolerance of
statistical uncertainties. The SED of Fermi J1740.1-3013 is
shown in Figure 7.
3.3 Searches for long-term variability
In order to examine the long-term variability, we divided the
∼6.9 years of Fermi LAT observation into several segments
with a constraint that the source of interest can be detected
at a level> 3σ in each segment. Binned maximum-likelihood
analysis was performed for individual segment by assuming
a simple PL spectral model for each source of interest. Using
the γ−ray flux obtained from each time bin, we construct
the light-curves over a time span of ∼ 7 years.
For HESS J1745-303 and Fermi J1743.2-2921, the full
dataset is split into 11 bins each with a size of 230 days.
We found that the temporal behavior of HESS J1745-303
and Fermi J1743.2-2921 differs from a uniform distribu-
tion at a confidence level of ∼ 95% and ∼ 23% respec-
tively. Hence, there is no evidence of long-term variability
for Fermi J1743.2-2921. For HESS J1745-303, the variability
is marginal. To further investigate its temporal properties,
we have repeated the analysis with PSF3 data so as to ex-
amine whether the PSF wings of the nearby sources might
result in the apparent variability of HESS J1745-303. Adopt-
c© 2015 RAS, MNRAS 000, 1–11
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Table 1. γ−ray spectral properties of HESS J1745-303, Fermi J1743.2-2921 and Fermi J1740.1-3013 as observed by Fermi LAT.
HESS J1745-303 Fermi J1743.2-2921 Fermi J1740.1-3013
PL
Γ 2.68±0.07 2.82±0.11 2.60±0.13
Photon flux (10−9 photons cm−2 s−1)a 14.20±0.86 10.15±0.90 5.89±0.72
TS 398.7 166.3 93.36
PLE
Γ 1.95±0.28 1.48±0.40 -0.18±0.50
Ec (MeV) 3619.62±1545.01 1897.6±672.576 775.919±164.014
Photon flux (10−9 photons cm−2 s−1)a 13.59±0.85 9.78± 0.88 5.50±0.63
TS 402.67 186.78 117.26
BKPL
Γ1 2.09±0.15 1.94±0.24 1.51±0.33
Γ2 3.18±0.18 3.66±0.29 3.67±0.42
Eb (MeV) 2000 2000 2000
Photon flux (10−9 photons cm−2 s−1)a 13.39±0.87 9.69±0.88 5.63±0.69
TS 402.26 184.05 113.66
a: The energy range of the quoted photon flux in 0.65-25 GeV.
Figure 5. Spectral energy distribution of the region A of
HESS J1745-303 as observed by Fermi LAT (solid circles) and
H.E.S.S. (open squares). The dashed line illustrates the PL model
(Γ = 2.68) resulted from the likelihood analysis of the Fermi LAT
data. The solid line represents the best-fit PL model (Γ = 2.49)
resulted from the simultaneously analysis of both Fermi and
H.E.S.S. data.
ing the same binning as in the full dataset, the confidence
level for being a variable drops below 90% in the analysis of
PSF3 data. Therefore, there is also no solid evidence for the
γ−rays from HESS J1745-303 Region A to be variable.
For Fermi J1740.1-3013, since its detection significance
is relatively low, we found it is difficult to split the full
dataset into a reasonable number of time segments and have
each to achieve a signal-to-noise level > 3σ at the same time.
Therefore, we are not able to perform any conclusive inves-
tigation for its long-term variability in the current study.
Figure 6. Spectral energy distribution of Fermi J1743.2-2921.
The solid line and the dotted line illustrate the best-fit PLE and
PL models respectively. The last bin shows the 2σ upper-limit.
4 DISCUSSION & SUMMARY
We have investigated the γ−ray emission from the fields of
HESS J1745-303 and HESS J1741-302 by using ∼ 7 years
of data obtained by Fermi LAT. With the data of im-
proved calibration, we found that the MeV-GeV emission
of HESS J1745-303 is mainly originated from the Region A
(cf. Fig. 1). The improved resolution allows us to re-examine
and confirm the GeV-TeV spectral connection (cf. Fig. 5) as
suggested by our previous study (Hui et al. 2011). We note
that all the multi-wavelength counterparts, including radio,
X-ray and GeV, associated with HESS J1745-303 are from
the Region A. This leads us to speculate if the Regions B and
c© 2015 RAS, MNRAS 000, 1–11
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Figure 7. Spectral energy distribution of Fermi J1740.1-3013.
The solid line and the dotted line illustrate the best-fit PLE and
PL models respectively. The last two bins show the 2σ upper
limit.
C as found by Aharonian et al. (2008) are separate sources
which are not physically related to HESS J1745-303.
In probing the origin of the γ−ray emission from
HESS J1745-303, a nearby supernova remnant (SNR)
G359.1-0.5 has been suggested as the contributor of the ob-
served γ−rays (Aharonian et al. 2008). Through the inter-
actions between the shock from the SNR and the molec-
ular cloud, the γ−ray can be produced. By modeling the
X-ray emission from G359.1-0.5, Ohnishi et al. (2011) found
that the plasma of this mixed-morphology (MM) SNR is
over-ionized. This property has also been observed in other
γ−ray emitting MM SNRs such as IC 443 (Yamaguchi et
al. 2009) and W49B (Miceli et al. 2010). The γ−ray lumi-
nosities of MM SNRs in 0.1-100 GeV lie in the range of
∼ 1035−1036 erg s−1 (see Bamba et al. 2015). At a distance
of 8.5 kpc, the γ−ray luminosity of HESS J1745-303 in this
band is 1.1 × 1036 erg s−1 which is marginally consistent
with the range of other MM SNRs.
The γ−ray spectra of many GeV-detected SNRs are
soft and show a break at energies of a few GeV (Acero et al.
2015), which suggest the escape of high energy particles from
the acceleration sites. However, there is no evidence for any
spectral break to be found in the case of HESS J1745-303.
The difference in the GeV spectral shape has put the associ-
ation between HESS J1745-303 and G359.1-0.5 in question.
Since the Region A of HESS J1745-303 is associated
with a molecular cloud, the γ−ray emission at this location
can be generated by cosmic rays (CRs) penetrating into the
clouds from outside. CRs could be provided by supernova
remnants from the Galactic disk. These CRs are distributed
more or less uniformly throughout the Galaxy with some
excess in the Galactic centre (about a factor of two in com-
parison with the local CR density near the Earth) .
Assuming the observed γ−rays are originated from the
CRs, we estimate the CR density inside the Region A of
HESS J1745-303. This can be estimated from the γ−ray
emissivity per hydrogen atom in the cloud. Hayakawa et al.
(2012) has estimated the mass of the cloud in this region
as ∼ 2 × 106M⊙. Together with observed γ−ray flux, this
implies a emissivity of ∼ 4.2× 10−6 photons s−1 H atom−1.
It is interesting to compare this emissivity with that
of the cloud Sgr B2 which is at a distance of ∼ 100 pc
from the Galactic centre. Its γ−ray spectrum in MeV-GeV
regime can be described by power-law with Γ ∼ 2.5 (Yang
et al. 2015), which is comparable with that of HESS J1745-
303. However, different from the case of HESS J1745-303, it
cannot be connected to its TeV spectrum without a break
(see Fig. 3 in Yang et al. 2015).
The total mass of Sgr B2 possibly ranges from 6 to 15
million solar masses (see Aharonian et al. 2006). According
to Yang et al. (2015), the emissivity there is about twice
higher than the local value near the Earth. This is in a
good agreement with predictions of GALPROP model (e.g.
Ackermann et al. 2011) which describes the average distri-
bution of CRs in the Galaxy emitted by supernova rem-
nants. In Table 2, we compare the emissivities of Sgr B2
and HESS J1745-303 Region A. Their comparable emissivi-
ties suggest the CRs inside these clouds have common origin
Their gamma-ray fluxes are produced by CRs with almost
the same background density in the Galactic centre.
Apart from the bright feature found at the Region A
of HESS J1745-303, we have also discovered an elongated
γ−ray feature that extends toward northwestern direction
for ∼ 1.3◦ with a clump Fermi J1743.2-2921 locates at
the end of this feature (see Fig. 1). The photon indices of
HESS J1745-303 Region A and Fermi J1743.2-2921 inferred
from the simple PL fits are consistent within the tolerance
of statistical uncertainties. A more detailed investigation of
their SEDs suggests the γ−ray spectrum of Fermi J1743.2-
2921 is likely to be more curved. This may indicate the pos-
sible spectral steepening along the extended feature.
Since the newly discovered extended feature is appar-
ently connected to Region A, it is not unreasonable to spec-
ulate that the whole feature has a common origin. To test
this hypothesis, we encourage an extensive mapping of 6.4
keV line across the whole feature and investigate if the line
intensity has any spatial variation. Apart from bombard-
ment by the sub-relativistic CRs, the 6.4 keV line can also
be generated from a front of hard X-ray photons which were
emitted by Sgr A* whose luminosity was much higher in the
past than it is at present (Koyama et al. 1996b; Ryu et al.
2013). This can result in a time-varying line flux that has
been observed in Sgr B2 (Nobukawa et al. 2014). Therefore,
it is also interesting to examine if there is any temporal vari-
ability of line flux in Region A by comparing with the results
of Bamba et al. (2009).
Another crucial information for probing the origin of
the extended feature is the gas distribution in the γ−ray
emission region as this can provide targets for producing the
observed γ−rays through hadronic processes. We note that
the orientation of the extended γ−ray feature detected by
Fermi is similar to the intensity distribution of 12CO and H I
as found by Hayakawa et al. (2012) which has one end at the
Region A and extends to northwest (see Fig. 2 in Hayakawa
et al. 2012). This might indicate the association between the
molecular/atomic gas distribution and the γ−ray feature.
However, the field investigated by Hayakawa et al. (2012)
is less than 1◦ × 1◦ which is not wide enough to cover the
whole γ−ray feature. Follow-up radio spectral imaging that
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Table 2. Comparison of the properties of HESS J1745-303 (Region A) and Sgr B2.
Cloud Flux > 1 GeV Mass Emissivity Reference
10−8 ph·s−1cm−2 106 M⊙ 10−26 ph·s−1·H atom−1
Sgr B2 3.5 6 − 15 1.4 − 3.5 Yang et al. (2015)
HESS J1745−303 1.4 2 4.2 This work
covers the whole field in Fig. 1 is encouraged for further
investigation.
In searching for the MeV-GeV emission from
HESS J1741-302, we have discovered Fermi J1740.1-3013
which is offset from the TeV emission region by ∼ 0.4◦
(cf. Fig. 2) which makes it unlikely to be associated with
HESS J1741-302. On the other hand, three pulsars are found
to be coincide with Fermi J1740.1-3013 (see Fig. 2). The ap-
parently curved spectrum of Fermi J1740.1-3013 also resem-
bles that of a γ−ray pulsar, though the spectral parameters
of the PLE fit cannot be tightly constrained with the cur-
rent data. In the followings, we discuss the possibilities of
these pulsars as a counterpart Fermi J1740.1-3013.
PSR J1741-3016 has a spin-down power of E˙ ∼ 5 ×
1031 erg s−1 and is located at a distance of d ∼ 5 kpc.
Assuming it is the counterpart of Fermi J1740.1-3013, the
γ−ray luminosity is Lγ ∼ 4.7 × 10
34fΩ erg s
−1 at energies
> 100 MeV, where fΩ is the solid angle of the beam divided
by 4pi. Since Lγ exceeds E˙ by several orders of magnitude,
it is safe to exclude PSR J1741-3016 as the counterpart of
Fermi J1740.1-3013.
Assuming PSR J1739-3023 is related to Fermi J1740.1-
3013, with E˙ ∼ 3 × 1035 erg s−1 and d ∼ 3.4 kpc of the
pulsar, a γ−ray conversion efficiency Lγ/E˙ ∼ 0.07fΩ is im-
plied. This is found to be typical for a γ−ray pulsar (cf.
Abdo et al. 2013) which makes PSR J1739-3023 as a possi-
ble counterpart of this newly detected γ−ray source.
Lastly, we consider the possible association with the
nearby pulsar PSR B1737-30 which has E˙ ∼ 8×1034 erg s−1
and d ∼ 400 pc. This implies a conversion efficiency
of Lγ/E˙ ∼ 0.004fΩ. Therefore, from an energetic point
of view, PSR B1737-30 is also a possible counterpart of
Fermi J1740.1-3013.
To further investigate the physical origin of
Fermi J1740.1-3013, high resolution X-ray imaging of
its γ−ray emission region is encouraged to look for the
X-ray counterparts. This can enable one to compare their
X-ray positions with the radio timing position of the afore-
mentioned pulsars. Since the X-ray position can possibly be
constrained to sub-arcsecond accuracy, this can certainly
facilitate the pulsation search in γ−ray which can provide
the most crucial information for nailing down the nature of
this γ−ray source.
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